Background: To achieve sperm retrieval in azoospermic men, predicting the success rate seems to be necessary. Objectives: In the present study we aimed to assess expression of seven molecular markers [ESX1, DAZ, DAZL (pre-meiotic markers), ZMYND15, PRM1, TNP1, and SPEM1 (post-meiotic markers)] to predict the success of sperm retrieval. Materials and Methods: In this study, 63 azoospermic men [16 OA (obstructive azoospermia) and 47 NOA (nonobstructive azoospermia)] undergoing testicular tissue microdissection (micro-TESE) for intracytoplasmic sperm injection (ICSI). Expression levels of these target genes were determined by real-time reverse transcription polymerase chain reaction using the DDCt method, and efficacy of each gene was compared by receiver operating characteristic (ROC) curve analysis. Results: Expression of post-meiotic transcripts significantly decreases in NOA and its subgroups (SCOS: Sertoli cell only syndrome, MA: maturation arrest, and HS: hypospermatogenesis) with spermatogenic failure compared to normal spermatogenesis (OA), with an exception of ZMYND15 for the HS group. These findings suggest the differential expression of the post-meiotic ZMYND15 marker is in accordance with histological findings and can discriminate HS from SCOS and MA. Post-meiotic markers were significantly reduced in negative vs. positive sperm retrieval groups. Discussion and Conclusion: Among the seven markers, SPEM1 had the best positive prediction power (96%) and negative prediction power (85%) at a 0.086 cutoff with the area under the curve (AUC) of 0.91 for receiver operating characteristic 4 (ROC) to predict the micro-TESE outcome.
INTRODUCTION
About 20% to 50% of infertility cases accounts for male factor (Hamada et al., 2012) . Nonobstructive azoospermia (NOA), which is due to failed spermatogenesis in testis, occurs in 5% of infertile male (Marcelli et al., 2008) . In men with azoospermia, intracytoplasmic sperm injection (ICSI) with microdissection testicular sperm extraction (micro-TESE) has been used to achieve pregnancy. The success rate of sperm retrieval by micro-TESE in men with NOA continues to be low and ranges from 20 to 60% (Okada et al., 2002; Tsujimura et al., 2004; Ramasamy et al., 2005; Ishikawa et al., 2010) . Besides, couples undergoing micro-TESE/ICSI are exposed to physical, emotional, and financial problems. Therefore, it is necessary to predict the outcome of sperm recovery in this procedure. Several controversial studies exist on the value of serum hormones (FSH, testosterone and inhibin B), testicular size, and volumes for prediction of sperm retrieval following micro-TESE in men with NOA. Thus far, none of these parameters have proven to be completely reliable (Jezek et al., 1998; Vernaeve et al., 2002; Tunc et al., 2006; Bromage et al., 2007) as spermatogenesis may occur in some testicular foci and these clinical markers may not reflect this focal spermatogenesis. Furthermore, the use of micro-TESE has improved the chance of sperm recovery from these specific foci compared with general biopsy. Therefore, it has been stated that the identification of molecular markers may help with the prediction of sperm recovery in testis. These markers may be exceptionally valuable when the first micro-TESE procedure fails. Positive molecular markers in biopsy sample can open the way for couples opting for a second micro-TESE procedure. Several studies have evaluated potential genes (DAZ, TNP1, VASA, and ESX1) involved in spermatogenesis as molecular predictive markers.
DAZ family of genes including homologues of BOULE, DAZL, and DAZ that encode RNA-binding proteins is highly conserved in metazoans. This family of genes regulates normal spermatogenesis by interacting with different proteins that control the translation of specific mRNAs in pre-meiotic germ cells (spermatogonia). Four copies of the DAZ gene are located on chromosome Y, with palindromic orientation. Loss of either one of DAZ genes results in the destruction of germ cells and accounts for a major proportion of azoospermia and oligozoospermia.
DAZL gene is located on chromosome 3p24.3 as one copy with 83% similarity in the coding region with its homologous DAZ gene. Targeted disruption of the DAZL gene in mice demonstrates how essential it is for gametogenesis in both males and females (Ruggiu et al., 1997) .
Extraembryonic spermatogenesis homeobox 1 gene (ESX1) is located on X chromosome (Xq22.2) and is expressed during mouse embryogenesis in extraembryonic tissues. In adults, this gene is only present in testes specifically in preleptotene spermatocytes to round spermatids stage (pre-and post-meiotic germ cells) (Branford et al., 1997; Bonaparte et al., 2010; Pansa et al., 2014) .
Zinc finger mynd-containing protein 15, ZMYND15 (17p13.2), is solely expressed in haploid germ cells during spermatogenesis of mice and is highly expressed in human testis. ZMYND15 regulates normal expression of critical haploid genes (Prm1, Tnp1, Spem1, and Catpser3) during spermiogenesis (Yan et al., 2010; Ayhan et al., 2014; Hashemi et al., 2018) .
PRM1, TNP1, and SPEM1, as spermatid-specific products of the haploid genome, are essential during spermatogenesis for differentiation to spermatids. Transition protein-1 replaces histones, and then, it is replaced by protamines (a product of the PRM1 gene) to induce chromatin condensation or chromosomal packaging in mature spermatozoa (McKay et al., 1985; Yu et al., 2000; Cho et al., 2001) .
During spermiogenesis, a major morphological change takes place, and as a result, round spermatids are differentiated into elongated spermatozoa with one-fifth of their original sizes.
In mice, Spem1 as a testis-specific gene is expressed in the cytoplasm and is required for cytoplasm removal in the final steps of spermiogenesis. Knockout of mouse Spem1 results in sperm deformation and male infertility (Zheng et al., 2007) .
The aim of our study was to concomitantly analyze these seven molecular markers [ESX1, DAZ, DAZL (pre-meiotic markers), ZMYND15, PRM1, TNP1, and SPEM1 (post-meiotic markers)] in testicular samples of individuals undergoing micro-TESE and to evaluate their relation with sperm retrieval and to see whether differential expression of these genes matches or is in concordance with histological findings.
MATERIALS AND METHODS

Population
Sixty-three testicular biopsy specimens from 47 nonobstructive and 16 obstructive azoospermic men were analyzed in this study. All testicular samples were obtained from microdissection testicular sperm extraction (micro-TESE) procedures performed in an attempt to obtain sperm for ICSI for couples attending the Isfahan Fertility and Infertility Center (IFIC). All the men had signed a written informed consent. The study was approved by ethical committee Tarbiat Modares University (IR.T-MU.REC.1394.257). The age in years, FSH and LH mIU/mL. testosterone and prolactin in ng/mL were 34.7 AE 6.3, 2.9 AE 0.7, 5.8 AE 0.3 4.8 AE 1.0, 9.7 AE 1.3, in AO and were 34.1 AE 7.3, 20.1 AE 3.6, 12.1 AE 1.5, 5.6 AE 2.0, 12.7 AE 3.0 in NOA, receptively.
Testicular samples and histological analysis
During the micro-TESE procedure, the first testicular fragment of biopsy was used for research purpose and RNA was isolated. The remaining testicular fragments were used for sperm extraction and histological studies; micro-TESE surgery was carried out by an expert surgeon based on standard technique under an operative microscope to avoid testicular vessel atrophy (Schlegel, 1999) . Histological analysis was carried out based on hematoxylin and eosin (H&E) standard protocol (Fischer et al., 2008) . All the histological analyses were carried out by a single pathologist and analyzed based on two separate microscopic slides, having at least 100 different tubule sections for each case. The histological results were classified as follows: nonobstructive azoospermia (NOA) which were subgrouped to: (i) Sertoli cell only syndrome (SCOS, n = 16); (ii) maturation arrest (MA) defined as sequential arrest of germ cells from spermatogonia to spermatids, n = 12; (iii) hypospermatogenesis (HS), which was defined as severe reduction in germ cell population and spermatogenic cell lineages, n = 19; and obstructive azoospermia (OA), with normal spermatogenesis, n = 16. The latter group was considered as control group.
Sperm retrieval
Sperm recovery was performed under standard micro-TESE surgery in an operating room of IFIC according to the Schlegel protocol (Schlegel, 1999) . Seminiferous tubules were dissected under the microscope with insulin needles to increase sperm retrieval rate during this procedure (Dabaja & Schlegel, 2013) . The result was considered positive when at least one spermatozoa was recovered. In samples when adequate number of sperm was observed following microdissection after second or third fragment further fragments were not obtained.
RNA isolation and cDNA synthesis
The testis tissue biopsies were mechanically homogenized in liquid nitrogen, and then, total RNA was extracted with Trizol reagent (Ambion Life Science, Waltham, MA, USA; 15596-018) according to the manufacturer's instruction. Purity and RNA concentration were determined on a NanoDrop 2000c fluorospectrometer at 260 and 280 nm. Purified RNA was treated with RNAse-free DnaseI (Thermo Scientific, Vilnius, Lithuania; EN0522) for 30 min to omit DNA contamination. First-strand cDNA was synthesized from 1 lg of total RNA with the combination of random Hexamer and TaKaRa PrimeScript II first-strand cDNA synthesis kit (TaKaRa, Otsu, Japan; 6210B).
RT-qPCR
The primer was designed by Beacon designer 8.13 (PREMIER Biosoft, Palo Alto, CA, USA), and their details are listed in Table 1. RT-qPCR was performed with SYBR green (TaKaRa) on a thermal Cycler StepOne TM Real-Time PCR system (Applied Biosystems, Inc., Foster City, CA, USA). PCR was performed in triplicate, and the average cycle of threshold (Ct) values was calculated for further analysis. Data were analyzed using the Delta Delta Ct method, and the relative levels of expression were normalized to GAPDH and RPL37 based on our previous study (Javadirad et al., 2016) .
Statistical analyses
Statistical analyses in this study were performed using SPSS v.18.0 (Dubai, UAE), and p < 0.05 was considered significant and indicated with star in the column. Receiver operating characteristic (ROC) curves were obtained to determine a cutoff point with maximum sensitivity and specificity for each molecular marker. The area under the curve (AUC) was considered as a measure of diagnostic accuracy which normally ranges from 1 (maximal discrimination between groups) to 0.50 (diagnostic accuracy resulting from random chance). Independent-sample t-test was used to compare the mean expression level of the target genes between OA and NOA groups.
RESULTS
mRNA expression of ESX1, DAZL, DAZ, ZMYND15, PRM1, TNP1, and SPEM1 genes in testis of azoospermic individuals Figure 1A presents mRNA expression of these genes in NOA and their subhistological groups (SCOS, HS, and MA) vs. OA. The relative expression of post-meiotic genes (ZMYND15, TNP1, PRM1, and SPEM1) in OA was significantly higher than NOA individuals. Similarly, the relative expression of pre-meiotic genes (ESX1, DAZL, and DAZ) shows a decreased pattern, but the reduction was not significant between OA and NOA groups. 892 Andrology, 2018, 6, 890-895 Figure 1B shows the relative expression of pre-and post-mitotic genes was significantly lower in SCOS compared with OA men. Figure 1C shows the relative expression of TNP1, PRM1, and SPEM1 genes was significantly lower in HS vs. OA groups, the reduction in ZMYND15 and pre-mitotic genes, although showed a reduced pattern in HS group, but this was not reduction significant. Figure 1D shows the relative expression of postmeiotic genes (ZMYND15, TNP1, PRM1, and SPEM1), which were significantly lower in MA vs. OA. Figure 2 shows relative expression of ESX1, DAZL, DAZ, ZMYND15, TNP1, PRM1, and SPEM1 genes between individuals with positive and negative sperm retrieval (SR). Results show post-meiotic markers were significantly reduced in sperm retrieval negative individuals vs. sperm retrieval positive groups.
ROC curve analysis
ROC curves were constructed to compare the diagnostic value of the seven aforementioned genes for sperm retrieval. As shown in Fig. 3 and Table 2 , the maximal sensitivity (96%) and specificity (85%) were obtained for SPEM1 gene with a cutoff point of 0.086 and AUC of 0.91. Also, ROC was created for the combination of pre-and post-meiotic markers. Sensitivity, specificity, and area under the curve were shown in Table S1 . These data suggest that a combination of these markers do not improve predictive power.
DISCUSSION
Micro-TESE and consequent ICSI are invasive and costly procedures for azoospermic infertile couples. Identification of a parameter to predict the presence of sperm production in those individuals would be of great value. Many clinical and noninvasive parameters have been used for predicting successful sperm recovery following micro-TESE in NOA men, but the results have proven controversial (Goulis et al., 2008; Chen et al., 2010) . Micro-TESE is an invasive technique that urologists deploy to search for different spermatogenic loci under optical magnification (Schlegel, 1999) . Several studies have shown that despite high sperm retrieval rates (60%) following micro-TESE, unsuccessful sperm retrieval still remains a concern for the remaining 40%.
Individuals, in whom sperm retrieval has failed, may opt for a second micro-TESE in hopes of having the ability to have a biological child of their own. Considering the success rate of sperm retrieval, which is about 60%, a simple RNA analysis may help in predicting sperm retrieval in future biopsy and help with counseling and management of these individuals. This may also help the surgeon predict the amount of tissue that needs to be extracted in order to retrieve spermatozoa for diagnosis or ICSI in future biopsies.
To achieve this goal, in this study, we analyzed seven previously studied testis-specific markers to evaluate the best marker for sperm recovery during micro-TESE. ZMYND15 and three haploid target genes (TNP1, PRM1, and SPEM1), the expression of which is controlled by ZMYND15, as post-meiotic genes during spermatogenesis, and three pre-meiotic genes (ESX1, DAZL, DAZ) were analyzed in testicular biopsies of 63 azoospermic men. Expression of post-meiotic transcripts significantly decreased in NOA and its subgroups with spermatogenic failure compared with normal spermatogenesis (OA), with an exception of ZMYND15 for HS group.
The relative expression of ZMYND15 was also reduced in the HS group compared with OA; however, the decrease was insignificant. Interestingly, the pattern of histological categorization appears to fit with pre-meiotic and post-meiotic markers. This may indicate that if the markers of pre-meiotic genes, as well as ZMYND15, are insignificantly reduced and haploid gene markers are significantly reduced, the subtle reduction in Figure 2 Comparison of transcript level of pre-meiotic (ESX1, DAZL, and DAZ) and post-meiotic (ZMYND15, TNP1, PRM1, and SPEM1) genes between positive (SR+) and negative (SRÀ) sperm retrieval groups. Star and double stars indicate a significant difference between SR-with the SR+ group at p < 0.05 and p < 0.01 respectively. Expression of target genes was assessed relative to the expression of GAPDH. Represented value is mean AE SEM (standard error of mean). ZMYND15 along with TNP1, PRM1, and SPEM1 can be considered as a molecular profile used to discriminate HS from SCOS and MA. This hypothesis may be of great value for the molecular discrimination of HS from SCOS and MA in NOA group, but the hypothesis needs further validation.
The expression of post-meiotic genes was reduced significantly in men with negative vs. positive sperm retrieval. However, pre-meiotic transcripts decreased in the negative vs. positive sperm retrieval group although their reductions were insignificant.
This indicates that if unlike pre-meiotic markers, the postmeiotic markers were significantly reduced in a sample biopsy and sperm retrieval was not successful, further evaluation of the frozen sample with more time and care may result in sperm retrieval. In such cases, if the individual aims for a second ICSI, there is a high likelihood of finding sperms as is in hypospermatogenesis.
ROC curves for each marker were built to predict sperm retrieval in micro-TESE samples. Post-meiotic markers had shown better sensitivity and specificity than pre-meiotic markers, and among post-meiotic markers, SPEM1 was more predictive of micro-TESE outcome with positive prediction power of 96% and negative prediction power of 85% with a cutoff point of 0.086 and AUC of 0.91. Therefore, these data indicate that SPEM1 may be considered the best post-meiotic marker, which can predict the availability of spermatozoa in a testicular biopsy fragment. One of the shortcomings of this study is that a single biopsy fragment was obtained, and this fragment may not represent other biopsy fragments.
The other shortcoming of this study is lack of assessment of expression of these markers in semen samples to see whether their expression shows any relation with sperm retrieval.
Considering the AUC of 0.91 for SPEM1, we can conclude that this is currently the best marker for sperm retrieval. But to further verify this finding, future studies by other groups are needed.
In conclusion, the results of this study indicate that SPEM1 could be considered the most valid post-meiotic marker to predict sperm retrieval. Furthermore, levels of ZMYND15 along with pre-meiotic and post-meiotic markers may represent a molecular profile that can be used for the diagnosis of HS and the distinction between HS-NOA and SCOS-NOA or MA-NOA. 
